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* INTRODrCTlON 

It is a prevalent belief among fanners and also among certain writers 
on the subject of sorghums (An^Iropogon sorghum) that when the sorghum 
is cut and cured it is no longer poisonous to sttK'k. While this is a strong 
belief among farmers and is stated as a fact by certain writers and inves* 
tigators, yet there are other writers and investigators who Inn-e claimed 
that curing has no effect on the power of sorghum to poison stm'k. In 
fact, the literature on this subject is quite conflicting in its statements. 
For instance, Churchill (j)* states that sorghum is rendered safe for feed- 
ing by curing. Turrill (<¥) states that in curing tiie s<»rghum is rendered 
harmless. On the other hand, Schroder and Dam maun (7) and also 
Brunnich (2) claim that the sorghum is not rendered harmless in the 
curing process. Furthermore, the well-known fact is recalled in tliis 
connection that Hnsced cake and certain varieties of lx*ans are known to 
contain hydrocyanic (prussic) acid in the form, of glucosid. iVlers, 
Slade, and Avery (6) are not sure whether sorghum is rendered suitable 

for feeding by curing, and stated that the subject should he furtlier inves- 
tigated. 

During this past summer reports came to this Station through the 
newspapers of several cases of poisoning caused by sorghum whivli had 
been cut for some time. This information, the fact that several iiujiiiries 
were made by fanners as to whether or not it would be safe to feed sor- 
ghum which had been cut during dry weather, and the ]iw‘k of {jehiiite 
information in the literature caused me to take up the f>resent investi- 
gation. 

There are several questions that should Ixi invesligate<l. 'rite first and 
probably the most important is to determine whether or not the glucosid 
iS decomposed and the pnissic acid liberated whc<i the srirghuin is cured; 
second, to determine whether or not the enzym iK-coincs inactive in the 
process of curing as claimed by Peters, Slade, and Avery (6); third, to 
determine the effect of the presenoe of substances such as glucose and 
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maltose on the liberation of the hydrocyanic acid from the glucosid; and, 
fourth, to determine whether or not the hydrocyanic acid may be present 
in more than one form as has been claimed by Willaman (/o). While 
these are the main points studied, there are several others, possibly of 
minor importance, that were studied. 

EXPERIMENTAL WORK 

Four different samples of sorghum were used. One was a sample ob- 
tained from Mr. Ed. Singleton, of Chickasha, Okla., and was a part of 
a lot of sorghum which had been cut when it was about 2}^ feet high and 
at a time when there was an extreme drouth in the southwestern part of 
the >State. This was a part of some sorghum which had been fed to 12 
head of cattle, 10 of which had died within one hour. This will be called 
sample i. Sample 2 was cut at the same stage of growth by Mr. P. A. 
Gould, of Stillwater, but had not been subjected to as extreme drouth 
as sample i , as it was cut at the beginning of the dry weather. Sample 3 
was a second-growth sorghum which had grown after heavy rains had fallen 
and there had been plenty of moisture in the ground all during its growth. 
This sample was cut fresh each time as it was needed and was about 
knee-high at the time of cutting. Sample 4 was a volunteer sorghum 
cut from the Ivxperiment Station farm. This sample was in the dough 
stage when cut, but it had been subjected to the dry weather of the 
summer and had grown quite vigorously after the rains had fallen. 

The method of determining the hydrocyanic acid \vas a modification 
of that used by ViehoCver and Johns (9) and by Knight (5). In the case 
of the dry samples Nos. 1 and 2, the sorghum was cut into fine pieces and 
then run through a feed mill. Samples 3 and 4 were cut a little at a time, 
this part being thoroughly wet and bruised in a large iron mortar. The 
bruised portions were placed in water in the digestion fiask. At first 
each of these samples were kept in the digestion fiask in a water bath at 
40° C. for two hours, the apparatus Ixfing so arranged that any hydro- 
cyanic acid which passed off would be collected in sodium hydroxide. 
After this period of digestion the water bath was removed, and 100 
cc. were distilled as rapidly as po^ible, the hydrocyanic acid being 
collected in sodium hydroxid. It was found by two or three trials that all 
of the hydrocyanic acid was driven over by distilling 100 cc. At first 
the distillate was evaporated in vacuum as directed by Viehoever and 
Johns (9), but since this required such a long time it was decided to 
carry on the evaporation by placing the distillate in a fiat-form evapora- 
tion dish on a water bath which was heated by an electric hot plate. 
A current of air from an electric fan at a low speed was directed across 
the evaporating dish. It was found that under these conditions the solu- 
tion was usually at about 60® C. and in no case did the temperature go 
above 70° C. With such an arrangement the evaporation could be made 
easily within two hours. After the distillate was evaporated almost to 
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dryness, freshly prepared ferrous sulphate was added and acidilKHi with 
30 per cent nitric acid as directed by \’ielKK'ver and jolins (9). Instead 
of fytering the Prussian-blue precipitate into a Ooocli cnieihle, as was 
done by Knight (5), it was filtereil in the ordinary way and washed 
thoroughly with dilute nitric acid and then with water. Tlie privipitute 
and filter paper w^ere then placed in a fiat -form plaliiuuii dish and heated 
slowly to dryness in an electric niufile furnace, and tlii-n heated strongly to 
bum the precipitate and oxidize the iron. The disli amtaining the resi- 
due, consisting of the ash of the filler pajx'r and the ferric ox id, was 
weighed. From the weight of the ferric oxid the amount nf hydrocyanic 
acid was calculated, and from this tlie percentage of Iivdroeyanic iwid in 
the dry sorghum. The percentage of moisture in the different samples 
of ^rghum was found by drying at 105^ C'. 

No effort was made to determine whether or not this method would 
give accurate results, but it w'as thought that the results would l)e us 
accurate as those obtained in using Knight’s method {,5); the colori- 
metric metJiod of Viehoever and Johns (9) and of hVancis and C«»n' 
nell {4) could not he used, since a colorimeter w'us not available. Mcne- 
over, it was thought that this metliod would give results suflicienlly 
accurate for comparative puqwses. 

In order to determine whether or not a part of the liydrocyanie acid 
was lost in the drying, sample 3 was cut and digestc<l as desr'rilxd al)o\ e, 
and then sr>me of it was allowed to dry in the laboratory for 2J3 <Iays 
and was then placed on top of a Freas oven overnight. Tlic tein|K*raliire 
on top of this oven was 33“ C. A part of this sample was used foi tlu- 
determination of hydrocyanic acid and another for the determination 
of the water still present. 

In order to determine the effect of the rale of drying on tlic loss of 
hydrocyanic acid, if any, another part of sample 3 was <lricd at 50'^ C. 
within 24 hours. The results obtained here are given in Table 1 under 
experiments i, 2, and 3, 

In order to determine the effect of the presence of glucost! and maltose 
on the liberation of the hydrocyanic add, fx^rtions of sample 2 were 
digested in a solution containing i i^r cent of dextrose and 1 per cent of 
maltose. The results of two trials here are given in lable I under 
experiment 5. 

To determine whether or not a part of the hydrr)cyaiijc acid existed 
in the form of nongluoosidic acid, as has been claimed by Willaman f/oj, 
portions of samples 2 and 3 were digested, and 200 cc. distilled off. J hen 
50 cc. of 10 per cent sulphuric acid were added to the digestion mixture, 
which had a volume of about 800 cc., and amrther 100 cc. was distilled. 
This last distillate was evaporated, and tests were made for hydn>cyanic 
acid, with negative results, as indicated in Table I under experiment 6. 

It has been pointed out by Auld (/) that with most fecdstuffs digestive 
conditions would be unfavorable for the action of the enzym on the 
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glucosid, but he points out very correctly that a slight acidity is the best 
condition for the action of the enzym and that this acid condition might 
be found in the paunch of ruminants when certain feedstuffs are used. 
This being true, it was important to know the acidity of the juice of the 
sorghum. The juice was pressed from portions of samples 3 and 4, and 
portions of th’s juice were diluted very much and titrated with sodium 
hydroxide, phenolphthalein being used as the indicator. These results 
are given in Table I under experiment 7. The acids present in samples i 
and 2 were not determined, but it is quite probable that all the acids 
present were nonvolatile and remained in the dry sorghum. Several 
other determinations of lesser importance were made, these results being 
also given in Table I. 

Tabls I . — Results of experimcnU showing the cyanogenesis in dry and fresh sor^kum 
under various conditions 


Experi- 

ment 

No. 


Dfscfiption of experiment. 


la 
Ib 
2 a 

ab 

.V'l 

4a 

4b 

4C 

4d 

Sh 

6 a 


joa 

10b 

iia 


Sample 5. Digested in water at 40° C. for i hour 

Siiinple 3. Same as la 

Sample 3. Dried for 2ld days in the laboratory, then dried for 16 

hours at 33“ C 

Sample No. 3. Same as 2a 

Sample 3, Dried at 50® C. for 24 hours. Sample thoroughly dried. . 

Siimple3. Same as 3a ' 

Sample 2, plus emulsion digested at 40® for 2 hours 

Sample 2. Same as 4a, except no emulsion present 

Siiniple I. Same as 4a 

Sample i. Same as 4b 

S;imple 2 in a solution of 1 per cent of dextrose and i per cent of 

nuilloso 

Sample 2. Same as 5a 

Siiniplc 3. Digested for i hour at 40® C., distilled off 2oocc.,thcu 
addetl 10 cc. of 10 ]>cr cent sulphuric acid and distilled another 

100 cc. Test for hydrocyanic acid in last distillate 

&ttnple 2. fvmic treatment as 6a 

Titrated juice from sample 3. Normality found to be OM13 N 

Titrated juice from saniplc 4. Normality equals 0.0507 N ' 

Siuiiple 4. Digested for 2 hours at 40° C ■ ■ ■. I 

Siimple 2. Digested for2 hours in 5 per cent tartaric acid j 

Sample 1. Treatment same as 9.1 j 

Sample 3. Treatment same asga, except sample was ground under ’ 

5 percent tartaric acid ! 

Sample 3. Kept at 40® C. for 15 minutes 

SiUiipIe 2. SvUne treatment as loa 

Sample 2. Treated with water at So® C. and kept at this tempera- 


iib 

12a 

12b 

Ua 

Mb 

13c 


turc for 1 hour 

Sample 2. Treated with water at 90® C. and kept at this tempera- ! 

* turc for 1 hour I 

Sample 2. Kept in air bath at 70® C. for i hour. . . ' 

Sample 2. Kept in air bath at 115® C. for i horn and 30 minutes. . . 
Sample i. Kept for i hour in Pi! 100 sodium hydroxid made acid 

^ and distilled 

Sample 3. Kept in solution of sodium hydroxid (Xfioo) for i hour . . . 
Sample 3. Treatment same as rjb, except the sodium hydrojud was j 
A’/yo, and the solution was made slightly acid with tartaric acid | 
and kept for i hour at 40® C ; 


Percrot- 
■cr of 
hydro- 
cyanic 
acid 
found. 


O. 0221 
. 0228 

. 0050 
. 00^ 
. 0109 
. 0070 
. 0222 

■ 0130 

■ 0514 

■ 0450 

. 0038 
.0059 


None. 

None. 


. 0087 
. 01 19 
. 0018 

None. 

. 0281 
.0177 


- 049 


. 0040 
. 0124 
. 0087 

. 0220 
. 0051 


.0136 
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DISCUSSION OF RKSUUTS 

Any dismission of the experimental results will necessarily be of the 
nature of a summary. A comparison of the percent aK^e of Iivdrcx'vaihc 
acid found in experiments la and ib with those in 2a ami 2b shows that 
approximately three-fourths of the acid is ^t free in the prcvvss of di> iuK. 
This goes to confirm the common belief that sorghum is safe for feetling 
after it has been dried. At the same time the results show that not all 
of the hydrocyanic acid disappears. A couiparisim of experiments 2a 
and 2b with 3a and 3b shows that the rapidity with which the s(jrglium 
is d'^ed detennines the percentage of the hydrocynalc acid tlial is re- 
tained by it. This point is of considerable importance in Oklnhonui on 
account of the fact that fanners quite fretpiently cut their sorghum 
during drouths after it has been partially dried while yet standing; and 
after it is cut, being already partly dry, it dries very (pjickly. Under 
such conditions a large percentage of llie hydroeyanie ueid would he 
retained in the fodder. vSample i was cut under such conditions. 

A glance at experiments 4, a, b, c, and d, will show that the enzym 
which is present in the sorghum is still active and that I lie mldition of 
emulsin does not cause the hydrocyanic acid to he liberated in greater 
quantity. 

A comparison of the amount of hydrocyanic acid found in ex|K‘rinienls 
5a and 5b with exjx^rimeiit 4 shows that the a<ldition of such a small 
quantity as i per cent of dextrose and 1 per cent of in-iUose seems to 
hold back or prevent the liberation of about three fourths of the arid. 
This is an extremely important result from the practical standjxiint. 
Dextrose and maltose were selected because of the fact (hat they are 
formed by the action of the pytalin on the starches in the jiamich. This 
retention of the hydrocyanic acid in the jircscnce of these sugars may be 
assumed to be due either to a reaction between Uie sugars (aldehydes) 
and hydrocyanic acid or to a lessening of the activity of the eiizym by 
the sugars. This would lead to the suggestion that in case there is any 
doubc about the poisonous nature of the sorghum one should feed some 
concentrate before feeding the sorghum. In this way a cxmsiderahle 
quantity of dextrose and maltose would be ])roduced ljy the salivary 
digestion and would tend to prevent liberation of the hydnxiyanic acid 
of the sorghum which is fed afterwards. At the time of this experiment 
1 had not read Peters, Stade, and Avery’swork (6), in which they showed 
that it was possible to give very large dose.s of hydr(x:yanie acid without 
any harmful effects provided at the same time a smnewhat proprjrtionale 
amount of dextrose was given. 

It has been claimed by Willaman, as has alr(!ady been stated, that 
the hydrocyanic add exists in the sorghum in two forms — glucosidic 
and nonglucosidic.. It s^ms natural to suppose that the nonglucosidic 
add would not be liberated under the conditions that existed in my 
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work, that is the digestion w-as carried on in a very faintly acid solution, 
the acidity btdng due to the acids present in the sorghum. If this 
assumption is made, the results in experiments 6a and 6b sdhn to show 
that no noTTglucosidic hydrocyanic acid exists in the sorghum. Of 
(xjurse it is possible that the nonglucosidic acid vsas distilled over in the 
first 100 cc., but this would not be in harmony with Willaman's suppo- 
sition that it is the hydrocyanic acid that is obtained in 5 per cent of 
tartaric distillation that causes the poisonous effect and which is a non- 
glucosidic add. Furthermore, the fact that no add was found in the 
distillate from sample 3 when it was ground under 5 per cent of tartaric 
acid and distilled from the add solution shows that nonglucosidic add 
is not present. 

The results in experiments 9a and 9b show that when a dry sorghum 
is digested with 5 per cent of tartaric add a considerable percentage of 
the hydrocyanic acid is not liberated, and when this is taken in con- 
nection with experiment 9c, one may conclude that the water was ab- 
sorbed by the dry substance more rapidly than was the acid and that 
some hydrocyanic acid was set free before the acid came in contact with 
the glucosid. 

It is seen from the acid concentrations as found in experiments 7a and 
7b that the contents of the paunch would be faintly acid in reaction when 
the green or the dry sorghum is eaten. It might be argued that the acidity 
would \y& neutralized by tlie alkalinity of the saliva; but when the addity 
as found here is compared with the alkalinity of the saliva it is seen that, 
when the alkalinity of the saliva is taken into account, and assuming a 
normal saliva flow, tlie contents of the paunch would still be slightly acid, 
a condition most favorable for enzym action. This acid condition would 
exist tintil rumination talkes place, when the acid w’ould be neutralized. 

A comparison of the results of experiment loa and lob vrith that of 
experiment i show^ that all the hydrocyanic acid is liberated within the 
first 15 minutes of the digestion. 

Willaman and West (rr) and other investigators have shown that 
hydrocyanic add gradually disappears from sorghum during its growth, 
so that but little is present in the mature plant. It was thought that this 
might not be true if lai^e amounts of the add had been formed as a 
consequence of dry weather, in the sorghum at some stage of grow th. 
Sample 4 had been stunted by dr>^ weather, but it is seen from experiment 
8 tliat nearly all of the hydrocyanic add had disappeared. The per- 
centage of hydrocyanic acid found in this sample should be compared 
with that uf sample i , which was doubtless greater still before the sample 
was dried. 

No discjission is needed of the experiments ii to 13b, indusive. The 
reason for making experiment 13c, was that it was thought that possibly 
as shown in my work, the enzym is rendered practically inactive by dilute 
alkaline solution, and it might be that the hydrocyanic add would not 
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be liberated on this account in the paunch; but when it later entered the 
true stomadi, where the solution would become slightly acid, the li> ibo- 
cyanic acid would be set free. Ihe result under ex^x^rimon’t seems 
to show that this is true. Digestion first with N/im sodium hvdmxid, 
as shown in experimellt r3b, prevents the lilxration of the liydrcHwanic 
acid. Certainly, then, digestion with AY 50 sodium hydroxid would 
prevent the liberation of this acid, and yet it is seen by acidifying this 
solution and allowing further digestion that more than one -half <>f the 
hydrocyanic acid was given off. 
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EFFECT OF CERTAIN COMPOUNDS OF RARIUM AND 
STRONTIUM ON THE GROWTH OF PLANTS 

liy J. S, McHarouh 

Cktmist, Kentucky AgricuUural Station 

INTRODUCTIOX 

Although it has been known for more than a oentiirv that plants 
are able to extract ap()reciable amounts of I lie relatively insoluliK* 
compounds of barium contained in soils, very little scientilio investiga- 
tion has been made to determine whether or not the coinjxnmds of this 
element have any S|>ecific function in the vegetalile economy. lUvausi* 
compounds of barium arc poisonous when taken into the animal bmlv 
there appears to bi^ a general impression that thesc^ eom|H»un(is would 
exert a similar influence upon plants. 

In a former investigation ‘ the writer has shown that small amounts 
of barium can be readily detected and determined (juantilalively in the 
ash of tobacco, com, potatoes, and a number of other plants grown nndi r 
normal conditions in the field. Since soils contain onlv very small 
amounts of barium, necessarily in the form of relatively insoluble eom 
pounds, it is a question of considerable scientific inten^st how and \\liv 
it is that notable amounts of this element are absorbed and aj)))arentlv 
assimilated by plants, under normal conditions of growth. Tlie ohjuct 
of tlie present investigation was to determine file elTeel of some of the 
well-known compounds of barium and of the elosdy n-lated nu-lal, 
strontium, upon the growth of plants. 

KX FHKI MKNTAh \V( )kK 

Preliminary experiments consisted in grow'Ing jdaiils in nutrient sulii- 
lions to which were added certain compounds of liarium, soluble as well 
as insoluble. It soon developed that plants eoiild Ik* grown in a nutrient 
solution containing moderate amounts of barium nilratt* or earbmiate, 
whereas an equal amount of the clilorid or sulphate iirnduced a (leeide<l 
toxic effect. After having determined that, the jdants seleeteil for I lie 
water-culture exfKriments were tolerant of barium catbonafe ami nitrate, 
it was decided that a method more nearly atiproximaling the normal 
conditions under which plants are grown would be a U-tier |jnK<’flure, 
Accordingly the plan was adopted of growing the plants in barium free 
sand contained in earthenware pots to whicli the necessary basal jdant- 
food ration could be added, together with the desired compounds of 
barium. 

'McH.\rgub. J. S. thb occvrruwcr or barjum ihuaico ash othi'R i tAxr'.. /« Join. Arnff. 
Chna. Stx., v. 35. no. 6, p. 8?6-«34- 1913- 
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COWPEAS 


In the first series of experiments twelve i -gallon earthenware jars 
were filled with a clean quartz sand that contained very little plant 
f(KKj. To each of the pots of sand was added the following basal plant- 
food ration: k) gm. of calcium carbonate, lo gm. of tricalcium phos- 
phate, 5 gni. of magnesium carbonate, 4 gm. of potassium nitrate, 2 
gm. of potassium chlorid, and 2 gm. of sodium thiosulphate. In 
addition to this plant food, varying amounts of barium carbonate were 
added to all the pots except the first, which served as a check against 
any other one pot in this series of experiments. Cowpeas ( Vigna sinensis) 
were planted in the sand in the pots, and during the time the plants 
were making their growth the sand was kept moist wdth clear hydrant 
water. Previous to starting the experiment, 100 liters of hydrant water 
were evaporated to dryness and the residue thus obtained examined 
for barium, but none was found. In another experment 25 liters of 
water flowing from the drain tiles on the Experiment Station farm 
were collected and evaporated. The residue thus obtained was exam- 
ined for barium compounds, but none were found. 

'I'he cowpea plants were allowed to grow until they w'ere about 10 
to 1 2 inches tall. They were then taken up in such manner as to pre- 
serve the roots intact, and the adhering sand was washed off as well 
as possible. The photograph reproducer! in Plate 24, A, was taken 
two weeks after planting; that shown as figure B, after the plants were 
removed from the sand in which they grew. 

Table I shows the amount of barium carbonate added to each pot 
and also the weight of the air-dry plants that grew in each of the pots. 


Tablh —Effect of barium carbonate uf>on the groivth of cowpeas -First series 


rot. No. 


I (control) 


3 

4 

5 

6 


Quant ily 
(M barium 
carixio- 
ate 

added to 
soil. 

W’eight 

oi 10 
air-dried 
plants. 

Pot No. 

Ouaotity 

^barium 

carboQ. 

ate. 

added to 
soil. 

Weight 
of 10 
«ir-dried 
plants. 

CSm. 

Gm. 

i 

Gm. 

Gm. 

None. 

9 - IS 

\l 

5 

II. 40 

5 

13 . 00 

:l 8 

6 

la 90 

I 

1 1 . 30 

19 1 

8 

II. 15 

3 

la 15 

10 

10 

JO. 80 

3 

9 - 50 

II 0 

e 



1 

D 


4 

10 55 

12 

5 

11.65 


* Thii pot rcccivctl do ndcium carbocutc, and all the planU died. 


From the results obtained in this experiment it is to be observed 
that there were appreciable increases in the yields of all the plants 
grown in the presence of barium carbonate and calcium carbonate 
over that of the control pot. In the absence of caldum carbonate. 
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however, the action of the barium carbonate was sinmgly toxic, as 
shown by the failure of the plants in |M)t n. 

The effect of the barium comiwuiul ujkhi the jjrowtli of the a)w|)eas 
is more strikingly shown in Plate 24. In figure A the \M)i on the right 
is the control, which received no barium com|H)uiuU The jxU in 
the middle received the same plant fiKxl as the control and 10 gin. of 
barium carbonate in addition. The pot on the left receive<l s gm. <»f 
barium carbonate, but no calciuin carbonate. It rtveivcd the s:unc 
amount of tricalcium phosphate as the other jK)ts. One t>hjcct in mind 
in this experiment was to ascertain whether there would he a leiidency 
on the part of the plants in this jxit to siihstitute l)ariiini h)r calclimi 
in their growth. The i>eas germinated ami came through ilic sand, 
made a stunted growth for a few weeks, and then died, 'fhe dilTercmv 
in the growth of the plants in the pot in tlie center and I he one on the 
left shows very strikingly the toxic elTe^cl of liariiim carbonale in the 
absence of calcium carbonate* This experiment affords a verv striking 
example in the plants in the center pot of tlie ])roicctive aclion of calcimn 
carbonate on plants when grown in the j)rcscncc* of a toxic substance. 

Figure B of Plate 24 shows the effect of barium carlxniate on (he 
growth of the roots of the cow'ix?a plants grown in ]X)ts 1, 2, and 8; the 
plants on the right were the control and received no harinni carlxmale, 
the plants in the center received 0.5 gm. of barium carbonate, and 
plants on the left rct'eived 6 gm. of bariimi carlxmatv. It will l>o 
observed that the plants which grew in the presence of barium carbonate 
have made a markedly incrcrised nx)t growth over the control, (t is 
also to be borne in mind that the plants in the center received only 0.5 
gm. of the barium compound, whereas the ones (jii the left received r» 
gm. or 12 times as much as the former, thus indicating (hat a very small 
amount of barium carbonate produces as great effect on the root gr(jwtli 
as much larger amounts. 

The compounds of strontium have many chemical and physical prop 
erties similar to those of barium and calcium. It was thought that a few 
comparative experiments showing what cffec-t like comixmnds f)f barinni 
and strontium might have upon the grow'th of plants would be of some 
interest in this connection. Therefore in the series of exirerimenis that 
follow plants have been grown in the presence of IxUli barium and stron- 
tium compounds and compared with similar plants grown in the presence 
of calcium compounds. 

i »A'rs 

In a second series of experiments oats (Anna sativa) were grown in 
sand under conditions similar to those in which the cfjw|>cas were grown 
in the previous experiment, wath the same basal plant f<xxl ration as 
before. 
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iVfter the young oat plants had reached a height of about lo inches 
they were thinned to the same number of plants in each pot and as near 
equal in size as possible. The oats were brought to maturity and har- 
vested and, after thoroughly air-drying, the grain was threshed and the 
weights of thc,air-dry grain and straw produced in each pot were deter- 
mined. There were two control pots in this experiment, and the average 
weight of the grain and the straw from these two pots was taken as a 
check against other {xjts receiving compounds of barium or strontium in 
this series. 


TablK II . — Effect of certain barium and strontium compounds upon the growth ofoals — 
Second series 


Pot No. and treatment. 


Control pot i 

Control pot 2 

Average 

I\>t 3-f-a gm. of barium carbonate 

4-f 5 gin. of barium carbonate 

54-2 gni. of strontium carbonate. .. . 
Pot 64-5 giTi. of strontium carbonate. . . . 
Pot 74-3 gm. of barium carbonate and 

3 gm, of strontium carbonate 

Put 84-5 gm. of barium sulphate 


Wright of 
giain. 

Oftin or loss 
in weight of 
grain over 
control. 

Wright of 
str«w. 

Cain or loss 
in weight uf 
straw over 
control. 

Gm. 

* 9 - 25 

17. 40 

Gm. 

Cm. 
39*25 
34 - 50 






3.1 
18. 50 

30 . 65 
18. 40 

31 . 10 

-f 0. 17 
4-2. 33 ! 

+ -07 
+ 2-77 

1 36.88 

1 40. 00 

! 44 - 75 

37 - 15 
46.35 

4 - 3- *2 
4 - 7-87 

-f- . 27 

+ 9-37 

16. 50 
11. 00 

-1-83 i 
- 7*33 1 

37-25 
24. 75 

+ .37 

- 12. 13 


Tabi,R III.-- <l'o»i/>ariron of weight and percentage of nitrogen, phosphorus, and poias- 
jiwm per pot -Second rrnVj 


Pot No. and treatment. 

Nitrogen. 

Phosphonis. 

Potajksium. 

Control 

^t3-l-2gm. of barium carbo- 

Gm. 

PtT ctni. 

Gm. 

PtT rent. 

Gm. 


0.3317 

I - 755 

0. 0753 

0. 41 

a 0533 

.285 

nate 

1^^44-5gni. of barium carbo- 

.3608 

1-95 

■0777 

.43 

. 0518 

.28 

nate 

Pot5+2gra of strontium car- 

. 4130 

3. 00 

.0847 

.41 

-0599 

■29 

bonate 

Pot 64-5 gm. of strontium car- 

■3367 

1.83 

•0773 

.42 

•0534 

■29 

bonate 

Pot 74-2 gm. of barium carbo- 
nate 4-2 gm. of strontium car- 

• 4579 

2 17 

. 0886 i 

-42 

. 0570 i 

■27 

bonate 

8-1-5 gm. of barium sul- 

■ 2739 

1. 66 

. 0644 

•39 

. 0439 

1 .,6 

phate..., 1 

1 

• 1727 

I- 57 i 

. 0418 

•38 

.0386 

1 . 26 


In Tal^e II is given the amount of barium or strontium compounds 
added to each pot, and the air-dry weights of the grain and the straw 
produced in each of the experiments. Table III gives a partial analysis 
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of the gram showing the important constituents contained in ttie grain 
produced in eac!i experiment. 

Both barium carbonate and strontium carlxmate have ijicreascd the 
percentage of nitrogen as well as tlie total weight of nitrogen when 
applied separately. Applied together, there is dimimjlion. Mariiun 
sulphate has diminished both percentage and total weight of niin>gen, 

The weights of grain and straw i)Kxiuced in this series oi ex|>eriiuenis 
show increased yields in all pots i-ccciving either barium carlM)nate or 
strontium carbonate separately. The ix)t in which there was a mixture 
of the two carbonates shows a decrease in the yiehl of grain, while the 
yield of the straw is practically the same as that of the OMitroI. In the 
pot receiving barium sulphate there is a very nurked decrease in Inith 
the grain and the straw, whicli shows the toxic elTeet of this o>iu]HJund 
when compared with the carbonate. 

The analysis of the grain produced in each of the ix)ts for nitrogen, 
pliosphorus, and potassium shows a slightly greater nmterit of each c^f 
these elements where there was an increase in (he yields of the jjlants 
over that contained in the control. The last two jxMs in the scries, No. 
7 and 8, show a marked falling off in their nitmgen, phosphorus, and iK)t;is- 
sium content when compared with the controls and the other pots in this 
series. The maximum increase in protein— that is, N x b.25— antfjunts 
to 2,60 per cent over that of the control, and the grain amtahiiiig it was 
grown in the presence of 5 gm. of strontium carlx)riate. Tfie next 
highest result was obtained where 5 gm. of barium carlxniate were 
present. The phosphorus and potassinni content apjx*ars (»> U* Ics.s 
affected -by barium and strontium compounds than <hx*s nitrogen, 

SPRIN’c; WHBAT 

In the third set of experiments sjiring wheat {Triticum (U’siivum) was 
sown in pots containing sand to which was arldcd the same ba,sal (jlunl- 
food ration as that added to the pots in the experiments with cowjhms 
and oats. The quantities of barium and strontium compounds addc<l are 
given in Table IV. In addition to the barium and strontium carlxitmlcs 
certain pots received small amounts of what wa.s claimed to lx* a very 
active commercial radio-active fertilizer. The amount of this inat(‘rial 
added to each pot is given in Table IV and is in accordance witli the 
recommendations of the company marketing this material. After the 
young plants had reached a height of 6 or 8 inclics, they were thinned 
to the same number of plants in each pot and were brought to a state 
approaching maturity. Unfortunately, when the wheat grains were in 
the dough stage, a careless attendant left the ventilators of the 
greenhouse open over Sunday and the sparrows came in and consumed 
a part of the grain growing in each pot ; hence, the results for the grain in 
this series of experiments were discarded. The straw was allowed to ripen 
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and was harv'ested. When thoroughly air-dried it was weighed. The 
results appear in Table IV. 

Tabi.b IV. -EfftcloJ bariam carbonate and strontxum carbonate on the growth of wheat — 
Third series 


pot No. and treatment, j 

1 

Weight of dr>* strmw, | 

1 

Cain or 
loss over 
control. 

Observed. 

Average. 

I'ot I (cfmtrol), no barium added 

Gm. 

, 41-15 

^ 40 . 75 

34-25 

34- 25 

1 38- SO 

1 37- 75 

1 

32 - 25 

35 - 75 

37 - 75 

36.7s 

37-35 

36.00 

Gm. 

} 40. 95 ! 

Gm. 


1 



\ 34-25 

-6. 70 

Fot 5-I-2 gm. of strontium carlxmate 

I*ot 6-|-2 gm of strontium carbonate 

} 38- 12 

1 -2.83 

Pot 7-I-2 gm. of barium carbonate-fs gm. of stron- 
tium carbonate 

1 


P(jt 8-l-» gm. of barium carlx)nate-b2 gm. of stron- 
tium carbonate 

34-00 

-6. 95 

Pot 9-f-2 gm. of barium carbonate +0.7 gm. of radio- 
active material 



10+3 gm, of barium carboiuite-}-o. 7 of gm. radio- 
active material 

37-25 

-3- 70 

Pot 1 1-I-0.7 gm. of radio-active material alone 

Pot [2-}-o.7 gra. of radio-active material alone 

' 36- 67 

-4. 28 


The results in this scries of experiments show a loss in the weight of the 
straw over the average weight of the straw in the control pots; however, 
tlie greater loss occurs in the barium pots. The strontium pots show a 
loss of one-half of that of the barium pots. 

The radio-active fertilizer, when used alone or in combination with 
barium carbonate, did not affect the yield of the straw greatly, the yield 
in each case being less than that of the control. 

WINTER WHEAT 

In a fourth series of experiments winter wneat was sown in pots of 
sand containing the same basal plant-food ration as in previous experi- 
ments. Strontium nitrate was the compound subjected to experimenta- 
tion in this series. The amounts added are given in Table V, which also 
gives the yields and average weight of the grains of wheat produced in 
in each experiment. 

The results obtained in this series of experiments show abnormal yields 
in both grain and straw which probably are due to the large amounts of 
nitrate radical present rather than to the strontium ion, since strontium 
carbonate has in no instance given such marked increase in yields. 
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Tabu y. ^Effect of strontium nitroU the grow th of u tntet ufie.it I-'outtk 


1 

pot No. «at1 irMtmfnt. ! 

XutnlwT 
uf crdiio 
ixr (xtl. 

Wdsht W 
grain iirr 
|Kil. 

.^vrraiir 
arinlil 
t>rr tram 

Writ In 

Pot I (control), no stxontiuin nitrate 

Pot 2 (control), no strontium nitrate 

292 

(»«. i 

8 . SS;: 

7. ;f)so 

1,'m. i 
0. 02 <l) ! 

. OJ(»() ! 

34 - 50 

27- .so 

Average 

3.52 

H. 3201 

. 02 5 J 

31. 00 

Pot 3-f 5 g<n. of strontium nitrate 

Pot 4+5 gni. of strontium nitrate 

i 555 

1 1. 

oj. to 08 

03 .V 5 

44 - SO 

S 2 - 00 

.•\verage 

4 fu 

15. 758(1 


4-^- 23 

Pot 5 T JO gm, of stroll tin 111 nitrate 

5^11 

1 

1 ■ 0,0 -If* 

()2 00 


The results obtained in the analysis of the grain lor nitrogen, protein, 
phosphorus, and potassium are interesting (Table VI). It will be seen 
that with the addition of strontium nitrate there is a decided increase 
in the nitrogen content of the grain and a decrease in tiie ])!u)sphonis, 
while the potassium content remains practically constant. 

TahLK VI. — l*eTCe}tlage of nitrogen, /'ro/./i/, , an.i f'ofdsuiitn .otUtitn.J 0/ 

the grain produced in each of ifu' joregiung i xfunnwrits 


I'ot S’',). I’lioiiplioni'i. ' e<»ti*vJum 

^^)t I iCtjntml) I. W 10 >0 Q ,\U ; o. iH 

lV)t » (control) J.71 ioJA . {5 J1 

Average 1.60;; ' jo. 59 : .,i5S j 

Pot 3 2. 77 »:■ U I -22 I . i3 

Pot 4 2. 71 17. 06 .23 i . jH 

I\>t 5 3 00 7 5 ■ 


Having obtained unusual results in the yields and in the nitrogen con- 
tent of the grain in the previous series of experinients, another, tlie fifth, 
series of pot experiments, similar to the ones tliat have I>een descrilx’d, 
was carried out. Ihis series was planne<l as a furtlicr check on tlie 
effect of strontium carbonate on the growlli and the nitrogen content 
of w'heat. The amount of strontium carbonate added to each [K>t and 
the yields of grain and straw pr(xluced are given in Tabic VII. 

The seeds in pots 9 and 10 came up, and the stunted plant; struggled 
for existence for the greater part of the time the other plants in this 
series were making a complete growth. The plants never reached a 
height of more than 10 inches, thus showing that stronliudi can not 
replace calcium in the growTh of plants. 
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Tablb VII , — Effect of strontium carbonate on the gro^wik of — Fifth /met 


pDt NVt. and trcatsMnt. 


Pot I (control) 

Pot 2 (control) 

Average 

Pot 3 f 5 gm. of strontium carbonate 

Pot 4+5 gm. of strontium carbonate 

Average 

l^)t 5+10 gm. of strontium carbonate 

Pot 6+10 gm. of strontium carbonate 

Average 

l\)t 7+20 gm. of strontium carbonate 

Pot 8 fro gra. of strontium carbonate 

Average 

Pot 9+10 gm. of strontium carbonate, no cal- 
cium carbonate 

lV)t 10+10 gm. of strcjntium c:irlxjnate, no cal- 
cium carlxmate + 




Gaia or low in— 

Weight 
of grain. 

Weight 
of straw. 

Gnia. 

Straw. 

Gm - 
10 . CO 

Gm . 

36- 50 

Cwi. 

Cm . 



9. 00 

34 - 50 



9 - 50 







9. 00 

42. 00 





10. 50 

40. 00 



9 - 75 

41. 00 

+ 0. 2^5 

+ 5 - 50 

1 1. 50 

39 - 50 





13.00 

40. 00 



12. 25 ! 

39 - 75 

+ 75 

+ 4 - 25 

9 - 5 ° i 

36.00 





10. 00 

35 - 50 



9-75 

35 - 75 i 

+ -25 

+ .35 

jNoiie. 

{°) 

1 


“Not weiehfd. 


The results in the fifth series of experiments agree very closely with 
those of the other ex j^criments in which strontium carbonate was used, 
both with respect to yields and the results obtained in the analyses of the 
grain (Table VUl). They also show conclusively that the increased 
yields obtained in the fourth series of experiments in which strontium 
nitrate was used were due to the greater amounts of nitrate being present 
which was assimilated and thus produced grains of wheat that contained 
8 per cent more protein than was found in the control experiments, 
which showed a protein content equivalent to that of wheat grown 
under normal conditions. 

The last two experiments in the fifth series show conclusively that 
strontium will not replace calcium in the growth of plants. They also 
show, however, that strontium carbonate in the absence of calcium 
carbonate h apparently less toxic towards plants than barium carbon- 
ate in the;absencc of calcium carbonate. It wdll be recalled that in the 
first series of experiments, in which an attempt was made to grow cow- 
peas in the presence of barium carbonate without calcium carbonate, 
all the plants died soon after coming through the sand, whereas in 
the case of the wheat plants in the presence of strontium carbonate and 
the absence of calcium carbonate the plants did not die soon after they 
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were up, but maintained a struggling existent^ during the greater part 
of the time other plants in the series were making a iioniial growth, thus 
indicating that strontium carbonate is less toxic i[i the absimce of cal- 
cium carbonate than barium carbonate. 


TABta Vlll.—Perctniage of nitrogen, protein, phosphorus, and poUusium in the gtotn 
grown in the pots in the fifth series of experiments 


Pot No. and treatment. 

1 Nitrok'en. 

i 

rntti'in 

riiosphiinis. 

Pt>t I (control) 

: 

10 . 5 r> 

0 . 

Pot 2 (control) 

I.W) 

JO. 


Average 

I . f 

10 . 47 

, .’«> 

Pot 3 

i i.t)H 

10 . i;o 

. 

Pot 4 

; 1-70 

11 . 10 


Average 

074 

j 10 , Ho 

' - .^1 i 

Pot 5 

1 . 61 

JO. oO 

• ->7 1 

Pot 6 

l . fKj 

10 . 50 

.,u 1 

Average 

! f-f >5 

JO. 

. 3 <J 

Pot 7 

1 

10 . 35 

■ '7 

Pot 8 

...-■i i.OSj 

10 . 50 

..11 

Average. 

■ I . : 

10 . 38 

1 . 39 


O. JO 
. iH 




• 

U) 

>7 


f) 
. JO 

■ 


er >K\ 

In a sixth scries of experiments cnni plants {Zca mays) were grown in 
pots of sand containing the usual basal jjlimt food ration. To these jKJts 
were added varying amounts of barium and strontium com])<>uiids as 
shown in Table IX. Three corn t)lants were allowed to grow in eacli jwl 
until the plants had tasseled and bloomed. As was to ix* expected, the 
corn plants were dwarfed on account of greenhouse conditions, the jdants 
reaching a height of about 3 feet. After making their maximum growth 
the stalks were cut from the roots at the top of the sand. I he fodder 
was stripped from the stalks. The roots were taken up and wushed as 
free from adhering sand as |)ossible. The different parts into which the 
plants were divided were kept separate, and after thoroughly air -drying, 
the weight of each of the parts determined and from thence the aif'dry 
weights of the entire plants were computed. These results are ^iven in 
Table IX. 

The results in this series of experiments agree in a general way with 
those obtained in previous experiments with wheat and oats, where the 
same compounds of barium and strontium have been applied in equal 
quantities and under similar conditions. 
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Table Air-dry weights of the corn phMt in each of the experiments 


pot No. and tr«atm«>t. 


Pot 1 (control) 

Pot ] (control) 

Average 

Pot 1 + 3 got, of barium carbonate. . . , 
pot 4 + 3 gm. ul barium carbonate 

Average 

Pot 15 + 3 gm. at strontium carbonate. . 
Pot 6 -t' 3 icm. ol strontium carbotute , . 

Average 

Pot 7+3 gm, of barium carbonate and 

3 gm. ol St ton ti urn carbonate 

Pot 8 + 3 gm, of barium nitrate 

Put 9+ j gm. barium sulphate 

Pot !o+ 3 cm. of barium chlorid . . . 

pot ti +5 gm. of barium carbonate. 
Pot 13 +5 gni. ol strontium carbonate 


Aif'^ry wdghta. 

Gain or Ion in weight when com- 
pared with the controls. 

1 Roots. 

Stalks. 

Fodder. 

Entire 

plants. 

Roots. 

Stalks. 

Fodder. 

Entire 

plant. 

Gm. 

Gm. 

Cm. 

Gm. 

Cm. 

Gm. 

Gm. 

Gm. 

II 50 

13 - JS 

17- 60 

+ 2-35 





8. 00 

10 30 

* 5-35 

33 - 6S 





0- 75 

11-77 

16. 47 

38-00 





10. 65 

1+ as 

18.75 

43-85 


■ ■ ■■ 



1210 

8- 35 

Ip- 30 

3 P- 8S 





II- JS 

11. 35 

ip. 01 

41 - f>S 

+ 1. 63 

-0.51 

+ *■ 55 

+ 3 - 63 

x.V 00 

1;. 80 

> 3 - 50 

52 - 30 





75 

14. 50 

3(^ 80 1 

47 - 05 

1 



1. 

1 

13.38 

[ * 5-«5 

32 . IS 

49.68 

! +2.63 

+ 3 - 38 ' 

+ 5.68 

i + 11-63 

14- 7 S 

13- 00 

30 . SS 

48-00 

1 + 5-00 

+ 1 .J 3 

+ 3 - 73 

+ 10-00 

11.50 

13-25 

18.75 

43 - 50 

! + 2-75 

+1.48 

+ 3. 28 

+ 5-50 

io- 75 

Koo 

J-t- 35 

33-00 

1 +1.00 

-. 3 - 77 

— 3. 33 

— 5. 00 

1 1- 50 

7. 50 

IP- 25 

33.23 

; + 1-75 

- 4 - 27 

+3. 78 

+ 0. 35 

15.5 

13 - 00 

^ 00 

45 - 5 “ 

+ 3-75 

S + - aj 

+ 3 - 53 

+ 7-50 

13 - a 

14- 5 

50 . 7 

i 48. 40 

+ 3-45 

1 + 2-73 

+ +33 

+ 10. 40 


It will be noted again that the maximum increase in yield occurred in 
the presence of strontium carbonate, w|iile equal amounts of barium 
carbonate produced only a very slight increase in the yield of the entire 
plants. 

It is interesting to note that all of the roots in the com experiment 
show some increase in yield over that of the controls, while in the weight 
for the stalks there are an equal number of minus and plus differences. 
In the weights of the fodders there is only one experiment in which the 
fodder jjiodiiced is less than the control. In the weights for the entire 
plants barium sulphate gave a very decided negative difference. Both 
the sulphate and the chlorid reduced the yields in the stalks very de- 
cidedly. 


Table X . — Analyses of the corn fodder from the preceding experiments 

IThe results art expressed as percentage of the moisture-free substance] 


Pot No. and treatment. 

Crude 

ash. 

Insoluble 

residue 

(silica, 

: itc.). 

Ferric 
ox id 
(FejOi). 

Lime 
(CaO). ! 

Magnesia 

(MgO). 

Potash 

IK5O). 

Composite sample from pots t and 2 (con- 
trol) 

P 72 

r. IS 

0*44 

r.03 

0.92 

3.31 

Pots 3 and 4+ 2 gm. of barium carbonate 

9-66 

•84 

•39 

•8P 

■49 

3 -M 

Put35and6)-a gtn.cf strontium carbon- 
ate, 

P- 7 S ' 

.pi 

.60 

•P 3 

•56 

3 - SO 

Pot 7+a gm. of barinm carbonate and 
a gm. of strontium carbonate 

tO> lO 

t.ot 

•44 1 

I. 00 

.67 

3-92 

Pot 8 + 1 gm. of barium nitrate 

p- 15 

X- 14 

.KJ j 

1- 14 

.67 

3.61 

Pot 9+5 gm. of barium sultdiatc 

10. 54 

l- 3 « 

.58 1 

»-34 

.83 

3-96 

Pot 10+3 gm. of barium chlorid 

ti- 07 

1. :r 

•73 

-83 

I. 30 

•58 

3-91 

Pot it + s gm. of barium carbonate 

11- to 

1- 23 

.90 

.60 

+ 34 

Pol 13+5 gm. of strontium carbonate. . . 

9 - S 3 

-78 

- 14 

•90 

-SO 

3-86 


■ The irregularities oceuring in the iron drtrrnrinatians are probably due to iron'Czid scaks which nay 
have come from the paint on the mill hopper, as some such scales were observed in some of the samidcs. 
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Tab« of tiu corn foJdo, from Ik, preceding cxpeHmenls-CominneO. 

Pot No. and tieattneat. 


Composite sunpie from pots i and a (ctio- 

trol) 

Pots 3 and 4+3 fin. of barium carboMte. 

Potss and 6+* gm.of strontium carbon- 
ate 

Pot 7+3 cm. of barium carbonate and 

a gm. of strontium carbonate 

Pot 8+ a cm. of barium nit rate 

Pot 9+ 5 cm. of barium sulphate 

Pot lo+a cm- of barium chlorid 

Pot ir+5 cm, of barium carixmatr 

Pot 13+5 Km. of strontium carbonate 

The results of the analyses of the ftxideis that were prtKinml in earh 
of the experiments show no very striking differenoes in tin* mineral com 
position of the fodders in any of the e.\j)erinunts (Tal)le .\). 

It will be obscr\'ed that only ver> small amounts of l>ariiim and 
strontium hav'c Ix^en taken up by the j) I ants growinj^ in I lie pnsence 
of compounds of each of these ek inents 

SOYHKAN 

In Plate 24,(-, are shown four jars of soyljeaii iSi}jii mat) plants lliat 
were grown in cultural solutions. The j^Ianls in the jars on each end 
have been grown in a eiiltural solution containing no barium oomiiomid, 
whereas the two pots in the center lia\'e hetdi gtfnvn in a similar solution 
containing barium nitrate. The plants in the two jars in 1 !k‘ eent(+ 
received their sulphur from a solution containing tanrin, while the 
plants in the end jars received their sulphur from a solution of mag- 
nesium and jx)tassium sulphates, the differr-nec'S to lx* obscTved in 
the growth of the two sets of plants is atliibuted (o the preseiiee of the 
barium nitrate which appears to have retarded the growth of the r^Hits, 
stems, and foliage of the two sets of plants in the center. 

When the very small amounts of the barium eoinixnmds tliat <K\ut 
in the soil and the relatively insoluble state in which they rx’cur are 
taken into consideration, one is led to wonder how it is that plants are 
able to extract even as much barium as can lie determined in the ash 
of normal plants. Since no barium was found by careful examination 
of the residue from the evaporation of 25 liters of water flowing from 
a tile drain on the Station farm, although the presence of barium in 
the soil of the area drained had bc*en proved by extracting o.o5r>8gm. 
of barium sulphate from the hydrcx:hIoric-acid solution from .yx) gin. 
of an average sample representing the first foot of sriil from tliis ficdd, 
it would appear that the roots of plants do not obtain their Ijarium 
from the percolating soil water, but rather by some kind of selective 
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■ action upon the soil particles. A determination of total barium in the 
soil of another field near by gave o.o8 per cent of barium sulphate, 
obtained by decomposing the soil with hydrofluoric and sulphuric acids. 

CONCLUSIONS 

From the results obtained in the different series of experiments in 
this investigation the following conclusions are drawn. 

(1) Barium compounds in the absence of calcium carbonate are 
poisonous to plants ; but barium carbonate in the presence of an excess 
of calcium carbonate apparently exerts a distinct stimulating influence 
on the growth of the plants studied. 

(2) There is no tendency for barium to replace calcium in the growth 
of plants when calcium carbonate is omitted from a plant-food ration 
under the conditions of these experiments. 

(3) Strontium compounds have in most instances given larger 
increased yields than barium compounds. 

(4) Strontium carbonate can not be substituted for calcium carbonate 
in the growth of plants under the conditions studied, though strontium 
carbotiatc is less toxic to plants in the absence of calcium carbonate 
than barium carbonate. 

(5) Neither barium nor strontium compounds can be looked upon 
as important plant foods, although the presence of small amounts of 
the carbonate of each of these elements has given increased yields that 
are noteworthy in most instances. 

(6) Barium and strontium carbonates accelerated the growth of the 
roots of such plants as were examined. 

(7) Increasing the amount of strontium nitrate gave a corresponding 
increase in the nitrogen content of wheat. 

(8) No barium compounds were found in the residue obtained upon 
evaporating 25 liters of drainage water collected from the drain tiles 
on the Station farm, which would indicate that the barium found in 
plants is taken up in place by the plant roots. 




PLATE J4 

A. Effect of barium on the growth of cowpeas with and without calcium carbonate. 
H. -Stimulating effect of barium on root growth of cowpeas. 

C. —Effect of barium on the growth of soybeans. 
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